It has been observed recently that while continuum dilepton production and open charm production in high-energy pA collisions can be described in terms of the superposition of pp collisions, dilepton yields in S+U collisions are in excess of similar extrapolations. This feature can be explained as arising from the interaction of gluons produced in different soft baryon-baryon collisions, leading to additional open-charm pairs in nucleus-nucleus collisions but not in pA collisions.
High-energy heavy-ion collisions have become the focus of intense experimental and theoretical research in recent years because of the possibility of producing a deconfined quarkgluon plasma during such collisions [1, 2] . Various signals have been proposed to search for this new phase of quark-gluon matter. In particular, dilepton production in the environment of a quark-gluon plasma has been suggested as a way to probe the quark and antiquark momentum distributions in the plasma [3] .
Recent experimental measurements on continuum dilepton production in nucleon-nucleus (pA) and nucleus-nucleus (AB) collisions at 200 GeV/nucleon [4] [5] [6] [7] [8] reveal that dilepton production in pA collisions in the intermediate energy region between 1 and 2.5 GeV [4] [5] [6] can be described by PQCD (Drell-Yan and open charm) processes as a superposition of pp collisions, using for example the PYTHIA program [9] . In the lower energy region below 1 GeV, the pA data can be described as a superposition of pp collisions by including contributions from decaying resonances [7] . Direct detection of open charm particles in pA collisions at 800
GeV also indicates that the production of open charm pairs in pA collisions can be described in terms of a superposition of pp collisions with essentially no enhancement [10] . However, experimental dilepton yields in AB collisions are in excess of similar pp extrapolations [4] [5] [6] [7] [8] .
These experiments suggest that there are additional dilepton sources which are present in AB collisions but not in pA collisions [4] [5] [6] [7] [8] .
We focus our attention on dileptons in the intermediate energy region and study possible additional dilepton sources arising from the interaction of produced gluons. In a separate study, Wong recently examined ψ ′ and J/ψ suppression in high-energy nuclear collisions [11] where the ratio ψ ′ /ψ is approximately a constant in pA collisions, but decreases as the transverse energy increases in AB collisions [4, 13] . These features can be explained in terms of a two-component absorption model [11] in which the absorption cross sections for ψ ′ -N and J/ψ-N collisions at high energies are insensitive to the radii of c-c systems in accordance with the Additive Quark Model, but the cross sections for low energy interactions of ψ ′ and J/ψ with produced soft particles are greater for ψ ′ than for J/ψ because of the much smaller breakup threshold. There is however the ambiguity that these soft particles can be either gluons or hadrons (as in the comover model [12] ). One way to resolve the ambiguity is to examine the production of heavy quarks arising from these soft particles. While two energetic gluons can interact to produce a heavy quark pair when the invariant mass of the gluons exceeds the heavy quark mass threshold, the probability for the production of a heavy quark pair with two hadrons of the same invariant mass will be much smaller because the gluons in the hadrons carry only a fraction of the hadron energies and the fusion of these gluons does not always have sufficient energy to exceed the heavy quark mass threshold. It will be of interest to study the consequences if the soft particles which disrupt the formation of ψ ′ and J/ψ are gluons whose interactions among themselves lead to the production of charm pairs and additional dileptons.
In soft particle production in a baryon-baryon collision, we envisage Bjorken's insideoutside cascade picture [14] or Webber's picture of gluon branching [15] as a q and aq (or a diquark) pull apart. After a baryon-baryon soft collision, the valence quark of one nucleon and the diquark of the other nucleon pull apart and the gauge field between them is polarized. Gluons are emitted at τ g , and the system hadronizes at τ π . The characteristics of these produced gluons cannot yet be determined from first principles. They may acquire an effective mass because of gluon branching [15] and confinement [16] . Because hadrons are the products of these gluons, the shape of their momentum distribution should be close to that of produced hadrons. Thus, produced gluons are found predominantly in the central rapidity region. Gluons with a large magnitude of rapidity in the center-of-mass system are also produced with a diminishing probability. Before their hadronization, these produced gluons participate in QCD reactions, much as partons react at high energies. For example, the reaction of gluons produced in one baryon-baryon collision with the incipient cc pair produced in another baryon-baryon collision can lead to the disruption of ψ ′ and J/ψ formation in AB collisions [11] . These gluons can also interact by the gluon fusion mechanism to produce cc and ss pairs. Therefore, in the model of produced gluons, the collision of GeV/nucleon). We shall assume that the gluon production time is indeed greater than this lower limit and the trajectories of energetic gluons traveling in opposite directions do not cross, as indicated in Fig. 1a . Then, the gg → cc reaction for the produced gluons cannot take place and there is no additional source of open charm production in pA collisions. The open charm yield in a pA collision is just a superposition of open charm yields in pp collisions [10] . Similarly, the dilepton yield in a pA collision is just a superposition of dilepton yields in pp collisions [4] [5] [6] .
In a nucleus-nucleus collision, we can adopt a row-on-row picture and consider an AB collision as a superposition of the collisions of rows of projectile nucleons with rows of target nucleons, with various weights. We consider specifically a typical one of these rows with a cross section of the size of the nucleon-nucleon inelastic cross section, σ in = 29.4 mb.
Within this row, the N B × N A baryon-baryon collisions can be arranged in a space-time diagram as depicted schematically in Fig. 1b . In some of these baryon-baryon collisions, right-moving energetic gluons can collide with left-moving energetic gluons, depending on the gluon production time and the separation of the two collision events. As a model of additional source of charm production, we shall assume that the production time for energetic gluons is less than a certain limit so that energetic gluons from spatially adjacent baryon-baryon collisions (such as the collision A and the collision C in Fig. 1b) will collide.
Then, many other produced gluons can also collide. For example, an energetic right-moving gluon produced at B can collide with an energetic left-moving gluons produced at C and D (Fig. 1b) . In this case, as distinctly different from pA collisions, an AB collision will have additional sources of charm production arising from the collision of energetic gluons produced in separate baryon-baryon collisions, leading to dilepton production in excess of pp extrapolations. The total number of these gluon-gluon collisions for a given pair of left-moving and right-moving gluons is
which depends on the impact parameter b and the projectile transverse coordinate b B .
Experimentally, the ratio of the measured dilepton yield to the dilepton yield calculated on the basis of PQCD has been measured as a function of the transverse energy, which can be related to the impact parameter [4] . The theoretical PQCD yield for the hard processes (Drell-Yan and open charm production) at a given impact parameter b is
where dσ From the collision of produced gluons, there is an additional dilepton yield in an AB collision at an impact parameter b given by
where dσ gg l + l − (M, y)/dMdy is the dilepton differential cross section from the collision of produced gluons from one baryon-baryon collision with produced gluons from another baryonbaryon collision through the intermediate production of cc pairs. Using Eq. (1), the quantity
where the step function
Θ(x) = 1 for x > 0 and Θ(x) = 0 for x ≤ 0 is to insure that there is no additional source of dileptons in pA collisions from the collision of produced gluons. Thus, the ratio of the total dimuon yield to the PQCD dimuon yield is
where the quantity c(M, y) is
For a given mass and rapidity window, the ratio of the total numbers of N µ + µ − to the numbers of N µ + µ − expected from PQCD is then
where
σ gg µ + µ − and σ P QCD µ + µ − are the corresponding integrated dimuon cross sections within the mass and rapidity window.
We can estimate the quantity c(M, y) by making a simple description of the produced gluon momentum distribution. Hadrons being the products of the produced gluons, the momentum distribution for the produced gluons should have the same shape as that of the produced pions. Using the charged pion distribution given by Eqs. (2.4)-(2.8) of Ref. [17] , we describe the produced gluon distribution by
y + and y − are the beam and target nucleon rapidity respectively, m gT and m N are the gluon transverse mass and nucleon mass respectively. The constant A g can be obtained by requiring that the total energy carried by produced gluons is the same as the total energy carried by their hadronized products. To determine the dimuon production cross sections from PQCD processes in a pp collision, we calculate the Drell-Yan cross section in the nextto-leading order with the CTEQ parton distribution [18] , and the open-charm cross section in the lowest-order with a K-factor equal to 3.0 [12, 19] .
For the NA38 measurement with the intermediate mass range (1.5 GeV< M < 2.5 GeV) and the pseudorapidity range (3.< η <4.0), the quantity < c(M, y) > calculated with the gluon distribution of Eq. (10) and a gluon transverse mass m gT = 1 GeV is 0.278. The theoretical (Total/PQCD) ratio as given by Eq. (8) is shown as the solid curve in Fig.   2 , as a function of the transverse energy which is related to the impact parameter [20] . one can extrapolate from pp collisions. This is qualitatively consistent with the enhanced strangeness and φ production in AB collisions observed experimentally [21, 5] .
The presence of the produced gluons, if confirmed, will suggest that the medium created by heavy-ion collisions is richly endowed with gluons produced by soft processes. The abundance of these gluons makes it favorable to form gluon matter which can be the precursor of the quark-gluon plasma and can bring the plasma into existence at a later stage. NA38 Collaboration
